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(57) Abstrud 

A process far purification of non-enol isable esters, especially esters of 2-cyam»crylic acid, from contaminaang volatile acids, non- 
volatile acids and other substances which can decompose to generate strongly acidic impurities, comprise* reading a rotation of the eswr 
with a metallic reagent selected from a metal, met*] oxide and a metal hydride or a mlxrure thereof in die form of a dispersion, emulsion or 
suspension. The metallic reagent is optionally supported oa a solid, insoluble support. The proas* is especially suitable far the purification 
of liquid. non-di sellable esters of 2-cyanoacrvlic add. 
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Description 

PROCESS FOR THE PURIFICATION OF A NON-ENOLISABLE ESTER WITH A METALLIC 
REAGENT SELECTED FROM A METAL. A METAL OXIDE OR A METAL HYDRIDE 

Technical Field 

This invention relates to a process for the purification of esters, 
in particular, esters of 2-cyanoacrylic acid so that they can be obtained 
uncontaminated by acidic impurities, especially non-volatile acidic 
impurities. 



flprilcftrmind Art 

The ability of esters of 2-cyanoacrylic acid to polymerise rapidly 
10 (anionic polymerisation) under the influence of moisture or 

nucleophilic substances has led to their commercial exploitation as 
instantaneous adhesives. This polymerisation reaction is inhibited by 
acidic species and such inhibition may be partial or total. Partial 
inhibition leads to greatly increased setting times for the adhesive 
15 compositions with accompanying loss of industrial usefulness, and total 
inhibition leads to complete loss of adhesive properties. Very small 
(p.p jil) amounts of acidic contaminants are able to cause inhibition of 
die anionic polymerisation process. 

Several methods for the preparation of esters of 2-cyanoacrylic 
20 acid have been described. Patent Publication WO 94/15907 describes 
the synthesis of esters of 2-cyanoacrylic acid via its direct acid- 
catalysed esterificatJon wherein a strong, usually non-volatile acid is 
used as catalyst. Patent Publication WO 94/15907 further describes the 
synthesis of esters of 2-cyanoacrylic acid via reaction of the derived 2- 
25 cyanoacryloyl chloride with, for example, an alcohol. In each instance, 
the esters of 2-cyanoacrylic acid which are formed may sometimes be 
contaminated by small amounts of acidic substances sufficient to inhibit 
their anionic polymerisation reaction to a greater or lesser degree. 
Such acidic substances may be derived inter alia from the strong acid 
30 catalyst mentioned supra, from side-reactions which take place during 
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the preparation of intermediate 2-cyanoacryloyl chloride 10 give 
substances which may later release strong acids such as hydrochloric 
acid, or from residual unesterified 2-cyanoacrylic acid or 
2-cyanoacryloyl chloride. 

5 The extremely low level of acid contamination which can be 

tolerated when esters of 2-cyanoacrylic acid are to be utilised as 
instantaneous adhesives means that removal of such contamination is 
essential. In the case of disdllable esters of 2-cyanoacrylic acid this can 
be achieved by distillation. However, few esters of 2-cyanoacrylic acid 

10 can be purified in this way as esters wherein the esterifying group 
contains more than about eight carbon atoms suffer decomposition at 
their boiling points even if the distillation is attempted at reduced 
pressure. A very large number of esters of 2-cyanoacrylic acid fall 
into this category. In the case of solid esters of 2-cyanoacrylic acid, 

15 [^crystallisation may sometimes be used as a method for their 

purification. This is not always convenient as large volumes of solvent 
may be required. The use of basic substances for the removal of acidic 
contaminants from esters of 2-cyanoacrylic acid has not been utilised 
hitherto due to the instantaneous polymerisation reaction which these 

20 esters undergo upon their exposure to nucleophilic species. 

Thus, a process for the removal of acidic contaminants, 
especially non-volatile acidic contaminants, from liquid, non-distillable 
esters of 2-cyanoaciylic acid has not yet been described. 

However, a process for the removal of acidic contaminants, 
25 especially non-volatile acidic contaminants, from non-enolisable esters, 
generally and esters, including distillable and solid esters, of 2- 
cyanoacrylic acid in particular, is required which overcomes the 
aforementioned problems associated with known processes for their 
purification* 

30 
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Accordingly, there is provided a process for the purification of 
non-enolisable esters from contaminating volatile acids, nonvolatile 
acids and other substances which can decompose to generate strongly 
5 acidic impurities, which comprises reacting a solution of said ester with 
a metallic reagent selected from a metal, a metal oxide and a metal 
hydride or a mixture thereof in the form of a dispersion, emulsion or 
suspension, said metallic reagent optionally being supported on a solid, 
insoluble support. 

in By volatile acid herein is meant any acid which can be largely, 

but not completely, removed by sparging with an inert gas. by heating 
or by pumping under reduced pressure. 

By non-volatile acid herein is meant any acid or polyacid which 
cannot be removed by sparging the reaction mixture with an inert gas 

15 under any reasonable conditions of temperature and pressure. 

Examples of such non-volatile acids include, but are not limited to, 
alkyl- or arylsulfonic acids which may be employed as catalysts for die 
direct esterif.cat.on of 2-cyanoacrylic acid. Further examples inc ude, 
but are not limited to, phosphoric acid, polyphosphoric acid or halo- 

20 derivatives thereof which may be formed as by-products donna .the 
preparation of 2-cyanoacryloyl halides from 2-cyanoacrylic acid by 
reacting the latter with a phosphorus halide, especially w,m phosphorus 
tri- or pentachloride to yield 2-cyanoacryloyl chloride. Additional 
examples of non-volatile acids include substances such as those 

25 indicated in formulae (I)-(V): 
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which may be formed from 2-cyanoaciylic acid as by-products during 
its conversion to 2-cyanocryloyl chloride by reaction with a 
phosphorus chloride. 



Compounds of types (D-(m) may, on storage, liberate 
hydrochloric acid. Compounds (IV) and (V) are capable of both 
releasing hydrochloric acid and of acting as strongly acidic inhibitors 
in their own right. 
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Preferably, the ester is an ester of 2-cyanoacrylic acid, more 
especially a liquid, non-distillable ester. 

The invention will be described hereinafter with particular 
reference to esters of 2-cyanoacrylic acid. 

5 According to one aspect of the invention the metallic reagent 

used for removing contaminating acidic species from esters of 2- 
cyanoacrylic acid can be a suspension of a metal in an inert organic 
solvent and in the absence of a solid, insoluble support. The metal can 
be an alkali, alkaline earth or transition metal. Preferably, the metal is 

10 selected from lithium, sodium, potassium, calcium, aluminium and 
iron. The inert organic solvent is suitably any dry inert solvent, 
especially hexane, toluene or benzene. 

For example, as is well known, finely-divided suspensions of 
potassium in benzene or of sodium in toluene can be prepared by 
15 melting these metals in boiling solvent, stirring vigorously to generate 
an emulsion, and then cooling the mixture to give the required 
suspension of solid metal. 

In another aspect of the invention, the metallic reagent is a 
suspension of a metal oxide or of a metal hydride in an inert organic 

20 solvent which can be used to remove acidic contaminants from esters of 
2-cyanoacrytic acid. The inert organic solvent is suitably any dry inert 
solvent, especially hexane, toluene or benzene. Suitably, the metal 
oxide is the dry oxide of an alkali, alkaline earth or other metal. 
Examples include, but are not limited to, magnesium oxide, calcium 

25 oxide and aluminium oxide. 

Suitably, the metal hydride is the hydride of any alkali, alkaline 
earth or other metal, such hydride being unable to chemically reduce 
any unsaturated linkages present in said esters either in the carboxylic 
moiety or in the esterified radical. In a preferred embodiment of this 
30 aspect of the invention the mecal hydride is calcium hydride. 
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In a further aspect of the invention a solid* insoluble support is 
used co carry the metal, metal oxide or metal hydride or mixture 
thereof utilised to remove contaminating acidic impurities from esters* 
The support may take the form of either an inert or a reactive support 

5 By inert support herein is meant any supporting medium able to 

carry by adsorption a metal, metal oxide or metal hydride as defined 
supra, but which is unable to react with said metal, metal oxide or 
metal hydride. 

By reactive support herein is meant a supporting medium which 
10 is able to react with the metal, metal oxide or metal hydride to form a 
new chemical species which then operates to remove the contaminating 
acidic impurities. 

The choice of supporting medium depends upon the type of 
metal, metal oxide or metal hydride which is being used. Typical 

15 supports include, but are not limited to, powdered charcoal, aluminium 
oxide, silicon oxide and aluminosilicates. Some of these supports may 
behave either as inert or as reactive supports depending upon the nature 
of the metal, metal oxide or metal hydride which is adsorbed thereon. 
For example, charcoal behaves as an inert support towards iron oxide 

20 but as a reactive support towards potassium with which it forms an 
inclusion compound A metal oxide can be utilised as a reactive 
support For example, calcium oxide can be treated with a limited 
amount of sodium metal to provide via a metathesis reaction calcium 
oxide carrying a mixture of sodium oxide and calcium metal. Thus, a 

25 solid support may be freed from residual moisture and then loaded 
with a metal, a metal oxide, a metal hydride or a mixture of metal(s) 
and metal oxide(s). 

Optionally, the metal is applied to the surface of the support by 
chemical reduction of a metal oxide which forms the support or which 
30 has been applied to the surface thereof. Layers of metal oxides can be 
applied to the surface of a support by thermal breakdown of an 
appropriate salt adsorbed thereon. For example, a layer of iron oxide 
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can be deposited on powdered aluminium oxide by coating the latter 
with iron nitrate and then heating the product. 

The ester to be purified according to the invention may be 
dissolved in an inert organic solvent such as hexane, benzene or 

5 toluene. Alternatively, esters prepared in such solvents by the acid- 
catalysed esterification of a carboxylic acid or by reaction of anacyl 
halide with an alcohol or phenol can be purified in solution without 
evaporation of the solvent and intermediate isolation of contaminated 
ester. These solutions may optionally contain a stabiliser which inhibits 

10 the anionic polymerisation, a stabiliser which inhibits the free-radical 
polymerisation or a mixture of such stabilisers. However, the presence 
of a stabiliser is not essential. 

When esters of 2-cyanoacrylic acid are to be purified according 
to the process of the invention the presence of a mixture of stabilisers 

15 which inhibit anionic and free-radical polymerisation reactions is 
preferred. These inhibitors must themselves be stable under the 
conditions of the purification process. The most preferred types of 
anionic polymerisation inhibitors are sulfonic acid esters, and the most 
preferred types of free-radical polymerisation inhibitors are 

20 appropriately substituted esters of 2-cyanoacrylic acid. By 

appropriately substituted ester in this context is meant a substituted 
ester effective to achieve the requisite inhibition. 

The purification step according to the invention is carried out by 
vigorously mixing a solution of the ester to be freed from acidic 
25 contaminants with an emulsion, suspension or dispersion of one of the 
metallic reagents hereinabove described. 

Suitable inhibitors of anionic and free-radical polymerisation 
reactions may first be added to the solution when polymerisable esters 
such as esters of 2-cyanoacrylic acid are to be purified. 

30 Preferably, the mixture is sparged with a dry inert gas such as 

nitrogen, argon or helium before and during the purification process in 
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order to remove any volatile acids which may be present The 
temperature at which the purification process is carried out depends 
upon the nature of the ester to be purified, the solvent used, and the 
nature of the metallic reagent used. The process according to the 

5 invention can be carried out at temperatures between -20°C and 1 50°C, 
preferably between +20°C and 1 10°C The purification of esters 
containing chemical functionality which is prone to free-radical 
polymerisation can be carried out at 20°C-40°C in order to prevent 
thermally-induced free-radical polymerisation reactions from taking 

10 place. When thermally stable esters are being purified by the process 
according to the invention wherein an alkali metal such as sodium is the 
metallic reagent then it is preferable to conduct the process at a 
temperature higher than the melting point of the metal, so that an 
emulsion of molten metal is present. 

15 The duration of the purification process according to the 

invention depends upon the level of acid contamination initially present 
in the ester, the temperature at which the purification is carried out, 
and the nature of the metallic reagent used for purification. 

Initial sparging with an inert gas as described supra removes 
20 much of any volatile acid contamination which may be present, and this 
reduces the time needed to complete the purification process. 

In the case of esters of 2-cyanoacrylic acid which polymerise by 
the anionic polymerisation process, the progress of the purification 
reaction can be monitored by measuring the setting time of the isolated 
25 ester needed to give a satisfactory adhesive bond. 

The isolation of purified ester from the reaction mixture is 
preferably carried out by cooling to ambient temperature, removal of 
the metallic reagent by filtration or centrifugation, and evaporation of 
the solvent under polymerisation-inhibiting conditions. 

30 For liquid esters of 2-cyanoacrylic acid, anionic polymerisation 

can be inhibited by the addition of non-volatile stabilisers additional to 
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